In vivo and in vitro intervention with L-carnitine prevents abnormal energy metabolism in isolated diabetic rat heart: chemical and phosphorus-31 NMR evidence.
The beneficial effects of in vivo injections (200 mg/kg, twice daily) or in vitro perfusion (5.0 mM) of L-carnitine on an intrinsic abnormality in energy metabolism was investigated in isolated, perfused diabetic rat heart. Hearts were aerobically perfused for 60 min with elevated fatty acid substrate to simulate diabetic conditions. Phosphorus-31 nuclear magnetic resonance spectroscopy revealed a temporal decline in myocardial ATP levels (to approx 82%) during perfusion of diabetic hearts, but not in control hearts. This reduction was prevented by prior treatment in vivo with L-carnitine or by providing L-carnitine acutely in the perfusion medium. Chemical analysis of tissue extracts indicated that L-carnitine injections were effective in replenishing the decrease in total myocardial carnitine content which was present in diabetic hearts and in preventing the accumulation of long chain fatty acyl CoA. Perfusion with L-carnitine also attenuated the elevation of long chain fatty acyl CoA in diabetic hearts. This study gives additional support to the hypothesis that decreases in ATP which occur in the isolated, perfused diabetic heart are correlated with a concomitant elevation in long chain fatty acyl CoA, a known inhibitor of adenine nucleotide translocase. In the presence of elevated exogenous fatty acids, a primary deficiency in the total myocardial carnitine pool would result in elevations in tissue concentrations of long chain fatty acyl CoA since carnitine is a required carrier for transport of fatty acids into mitochondria. Replenishment of the carnitine in vivo was shown to be sufficient to prevent subsequent alteration in long chain fatty acyl CoA and ATP in isolated perfused diabetic hearts despite the burden of elevated fatty acid substrates.